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Based on overall 3D structure, proteins may be grouped into two broad, general categories, namely, globular proteins or 'spheroproteins', and elongated or 'fibrous proteins'. The former comprises the significant majority. This work concerns the second general category of protein structures, namely, the fibrous or rod-shaped class of proteins (sometimes also referred to as "filamentous proteins"). Unlike an spheroprotein, a rodshaped protein (RSP) possesses a visibly conspicuous axis along its longest dimension.
To take advantage of this potential symmetry element, we decided to represent RSPs using cylindrical coordinates, (ρ, θ, z), with the z-axis as the main axis and one 'tip' of the protein at the origin. A 'tip' is defined as one of two extreme points in the protein lying along the protein axis and defining its longest dimension. To do this, we first visually identify the two tips T 1 and T 2 of the protein using appropriate graphics software, then determine their Cartesian coordinates, (h, k, l) and (m, n, o), respectively. Arbitrarily selecting T 1 as the tip to coincide with the origin, we translate the protein by subtracting (h, k, l) from all structural coordinates. We then find the angle α (in degrees) between vectors T 1 T 2 and the positive z-axis by computing the scalar product of vectors T 1 T 2 and OP where P is an arbitrary point along the positive z-axis. We typically use (0, 0, p) where p is a suitable positive number. Then we compute the cross product of the two vectors to determine the axis about which we should rotate vector T 1 T 2 so it will coincide with the positive z-axis. We use a matrix form of Rodrigue's formula to perform the actual rotation. Finally we apply the Cartesian to cylindrical coordinate transformation equations to the system. Thus far, we have applied the above transformation to 15 rod-shaped proteins (1QCE, 2JJ7, 2KPE, 3K2A, 3LHP, 2LOE,
Introduction
Background
Proteins have different levels of structures: primary, secondary and tertiary. Primary structure represents the sequence of amino acids, which is determined by the genetic code. Secondary structure representation consists of the amino acid residues such as α helices and β sheets. Tertiary structure is the three dimensional structure of a protein. In tertiary structures α Helices and β sheets are folded by hydrophobic interactions and are locked into place by tertiary interactions such as salt bridges, hydrogen bonds, disulfide bonds and side packing of side chains. Quaternary structure of the protein is a complex of many subunits of the protein or polypeptides that are formed by the interactions as in the tertiary structures.
In terms of gross 3D structure, the majority of the proteins are globular some are rod shaped and some are irregular in shape.
Globular proteins:
Globular proteins are also known as spheroproteins and they are spherical in shape and are soluble in aqueous solutions. Enzymes involved in metabolic functions are mostly spheroproteins.
Rod shaped proteins:
Rod shaped proteins are elongated in shape and, insoluble in aqueous solutions and are major component of hair, horns, nails, wool, silk etc., which play important structural role. Examples of rod shaped proteins are keratin, collagen.
Most rod shaped proteins are elongated as they have repeated structures of amino acids.
Cartesian Coordinate System
Here we are interested in the three-dimensional structures of proteins, which is the set of 
Chapter 7
Statement of the Problem
A typical globular protein is 1CMYwhich is a composite quaternary state of human hemoglobin whose structure is shown in Figure 10 . A typical rod shaped protein is 1QCE as shown in the Figure 11 . It is evident that rod shaped or elongated proteins have a main axis running through its maximal dimension. The aim of this work is to take advantage of this inherent symmetry by using the cylindrical coordinates. (x`, y`, z`) = (x-h, y-j, z-k)
Rotation:
Rotation in 3D is the motion of a rigid body around a fixed rotation axis.
After translation, we need to rotate the rod shaped protein along a rotation axis (a line in 3D) so that the protein's main axis is coincident with the positive Z-axis. We used two pieces of information to effect this rotation. First, the rotation axis needs to be identified. Rotation axis is determined by doing the cross product of vectors T 1 T 2 and OP where P is a conventional point along the positive Z-axis. Second, the amount of rotation (in degrees) must be determined. The amount of rotation is determined by doing the dot product of the same vectors T 1 T 2 and OP. 'Rodrigues' formula is used to perform the actual rotation (see appendix).
Transformation: The transformation step is the conversion of the rotated
Cartesian coordinates to cylindrical coordinates. Once the rod-shaped protein has been rotated and is along the positive Z-axis, it can be transformed from Cartesian to Cylindrical coordinates. In this transformation, standard equations are used (see appendix).
In summary, the programs for the three steps are written in FORTRAN. a) Initially a PDB file is given as the input for the translation program. The program outputs a translated PDB file.
b) The next step is to rotate the translated file. Using Rotation program the translated PDB file is converted to rotated PDB file.
c) The final step is the transformation of the coordinates by inputting rotated PDB file and it outputs transformed PDB file, which has cylindrical coordinate, RHO,
PHI, Z (see results).
A shell script is written to apply all the three programs in a single step. 
Rod Shaped proteins
Web Server Implementation and Results
A web server is designed using HTML, CSS, Java Script, and PHP in which user inputs a PDB file (without header and footer) of a rod-shaped protein and extreme point or "tip" of the protein in f10.4 format. The tip point of the protein is obtained by visual inspection using Jmol by clicking on the selected point. The Cylindrical coordinates web server is hosted at tortellini.bioinformatics.rit.edu/sxc6274/thesis2.php. Figure 12 shows a screen shot of the cylindrical coordinates web server. Reset button sets the server back to original.
Results
Web Server Results:
When uploaded protein file is in PDB format and the tip file in f10.4 format the user is redirected to the results page, where three links to translated file, rotated file and transformed file are displayed as in Figure 13 . When the links are clicked the respective files for the protein are displayed. prompts the user if it is not in a right PDB format. It also checks for the size of the uploaded file. The size of the uploaded PDB file must be less than 10,000 KB and the other input file, protein tip, must be in f10.4 format.
Figures explaining steps of conversion
The steps of conversion from Cartesian to Cylindrical coordinates for two prominent rod shaped proteins are depicted as in the figures below: Protein File <input type="file" name="protein" input type="hidden" name="MAX_FILE_SIZE" value="1000000" /> <br /> <br /> Protein TIP <input type="file" name="tipper" input type="hidden" name="MAX_FILE_SIZE" value="300" /> <br /> <br /> <br /> <input type="submit" value="Submit" /> <input type="reset" value="Reset" /> </form> </center> <br /> <br /> <br /> <p align="left"> <b> <i> For your queries contact us: <br /> Srujana Cheguri -sxc6274@rit.edu<br /> Dr.Vicente Reyes -vmrsbi@rit.edu </b> </i> <br /> <br /> <p><b>Please check our other Web Server <a href="http://tortellini.bioinformatics.rit.edu/sxc6274/thesis1.php"></b><br />Ligand Burial Site Depth Determination</a></p> </p> </font> </body> </html> 
